
Climate	Study:	Recent	Findings	for	the	
Missouri	Basin	
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Interstate 29 underwater: Missouri River flooding in Omaha, NE June 2011. 
Photo by Larry Geiger. [https://franceshunter.wordpress.com/2011/06/20/great-missouri-river-flood-of-2011/]	

Upper	Missouri	Basin	NIDIS	Workshop	
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The	Missouri	Basin	had	a	bit	of	an	
extreme	event	in	2011	



Missouri	Basin	Climate	Research	
•  Climate	Assessment	Report:	Causes	for	
Hydrologic	Extremes	in	the	Upper	Missouri	
Basin	

•  Seasonal	PrecipitaFon	Forecasts	Over	the	
Missouri	Basin	

•  Climate	Assessment	Report:	Understanding	and	
Explaining	Climate	Extremes	in	the	Missouri	
River	Basin	Associated	with	the	2011	Flooding		

•  Explaining	Climate	Extremes:	An	Assessment	of	
the	2011	Missouri	River	Basin	Flood		

hNps://www.drought.gov/drought/dews/missouri-river-basin/reports-assessments-and-outlooks	



ANribuEon	of	Missouri	Basin	Flooding	
•  2011	represented	an	historic	flood	

4	The Missouri River flooding in Omaha, Nebraska. Interstate 29 underwater. Photo 
by Larry Geiger. [https://franceshunter.wordpress.com/2011/06/20/great-missouri-river-flood-of-2011/]	



ANribuEon	of	Missouri	Basin	Climate	
Variability	
•  2011	prompted	NOAA	invesEgaEon	into	drivers	
•  Recent	variability	in	annual	flows	emerged	

5	Regimes	of	persistent	low	flows,	denoted	by	orange	bars,	denote	hydrologic	droughts	within	the	basin.	
Horizontal	line	shows	the	historical	median	value.	Data	source	is	USACE.		





•  Changes	in	precipitaFon	intensity	
•  Changes	in	seasonality		
•  Changes	in	antecedent	moisture	

7	
Runoff	source:	USACE;	PrecipitaEon	source:	PRISM;	image:	image	from:	NOAA	Climate	Assessment	Report;	prepared	for	
USACE	Dec	2013	[hNp://www.esrl.noaa.gov/psd/csi/factsheets/pdf/noaa-mrb-climate-assessment-report.pdf]	

Runoff	exhibits	increasing	inter-
annual	variability	since	1975	

Areal	precipitaEon	variability	
increasing	not	nearly	as	dramaFc	

over	last	40	years	

What	is	the	mechanism	
behind	this	disparity?	

Red	line:	inter-annual	standard	
deviaEon	(20-yr	moving	window)	



Seasonality	and	Regionality	of	Runoff	Sources	in	the	Upper	MRB	

ObservaEons-PRISM	



ObservaFonal	Analysis	of	Change	in	the		
Missouri	River	Basin	

Observed	Discharge	from	UMRB:		
	
•  During	the	117	years	of	record-keeping	(1898-2014)---	

•  	the	4	highest	flow	years	have	occurred	in	the	last	40	years	(1975-2014)	

•  10	of	the	highest	13	runoff	years	in	the	UMRB	have	occurred	in	the	last	
40	years	

•  9%	increase	in	average	annual	flow	in	last	40-yrs	compared	to	prior	77	
year	average	

•  doubling	of	the	coefficient	of	variability	in	last	20yrs	compared	to	first	
20yrs	





Observed	Change	in	Seasonal	PrecipitaFon	
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Observed	Change	in	Seasonal	PrecipitaFon	(%	Climo)	
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Summary	of	StaFon-Based	Analysis	for	Cold	Season	
	
•  Mean	pcpn	has	increased	in	the	UMRB	(1975-2014)	vs	(1901-2014)	at	most	

staEons,	except	western	Montana	

•  Frequency	of	very	heavy	rain	days	has	increased,	is	aligned	with	mean	pcpn	change	

•  A	greater	proporEon	of	seasonal	pcpn	total	is	now	contributed	by	very	heavy	rain	
day.				

Summary	of	StaFon-Based	Analysis	for	Warm	Season	
	
•  Mean	pcpn	has	increased	in	the	UMRB	(1975-2014)	vs	(1901-2014)	at	most	staEons	

•  Frequency	of	very	heavy	rain	days	has	increased,	in	aligned	with	mean	pcpn	change	

•  Most	staEons	show	liNle	change	in	proporEon	of	seasonal	pcpn	contributed	by	very	heavy	
rain	day	except	a	few	staEons	just	above	Sioux	City.	



Food	for	Thought	

Kyle	Fire	2017,	David	MarEn	-	BIA	

Kyle	Fire	2017,	David	MarEn	-	BIA	



PrecipitaEon	Trends	

hNp://nca2014.globalchange.gov/	



Observed	Change	in	Very	Heavy	
PrecipitaEon	



Observed	Change	in	Very	Heavy	PrecipitaEon	

Source:	NaEonal	Climate	Assessment	-	hNp://nca2014.globalchange.gov/			



Trends	in	Flood	Magnitude	

Figure	source:	Peterson	et	al.	2013	



Streamflow	trends	(p=0.10)	for	staFons	with	
conFnuous	records	1960-2012	

Preliminary	InformaEon	–	subject	to	revision.		Not	for	citaEon	



Change	in	Summer	PrecipitaEon	(%)	Projected	Change	PrecipitaEon		
Figure	7:	Projected	change	in	summer	precipitaEon	(%)	for	the	middle	of	the	21st	century	
compared	to	the	late	20th	century	under	a	higher	emissions	pathway.	Hatching	represents	areas	
where	the	majority	of	climate	models	indicate	a	staEsEcally	significant	change.	Summer	
precipitaEon	is	projected	to	decrease	in	the	range	of	5%–10%	by	2050,	although	the	changes	are	
staEsEcally	significant	only	in	the	central	part	of	the	state.	Source:	CICS-NC,	NOAA	NCEI,	and	
NEMAC.	



Figure	7:	Projected	changes	in	winter	precipitaEon	(%)	for	the	middle	of	the	21st	century	
compared	to	the	late	20th	century	under	a	higher	emissions	pathway.	Hatching	represents	
areas	where	the	majority	of	climate	models	indicate	a	staEsEcally	significant	change.	Colorado	is	
part	of	a	large	area	of	projected	increases	in	winter	precipitaEon	across	the	northern	United	
States.	Source:	CICS-NC,	NOAA	NCEI,	and	NEMAC.	



Thank	You	


